INTRODUCTION
============

As the proportion of postmenopausal women is increasing with the recent increase of aging population in Korea, it is anticipated that aging is proceeding more rapidly in the future. It is known that osteoporosis ultimately induces vertebral, hip or wrist fracture for which postmenopausal women are more vulnerable ([@B1]). Osteoporotic fracture is an important public health problem because it causes morbidity and mortality and generates not only a direct economic burden due to treatment cost for fracture but also the opportunity cost of patients and their family members. It is known that ethnicity and race are the important factors for the incidence of osteoporosis and differentiate the risk factors and treatment outcome of osteoporosis ([@B2]). Although it is known that a risk of osteoporosis and osteoporotic fracture is low in Korean population ([@B3], [@B4]), it is expected that the incidence of osteoporosis and osteoporotic fracture will rapidly increase when considering the speed of an increase in aging population. Because it is known generally that the mortality rate within 1 yr is approximately more or less than 20% when a hip fracture occurs ([@B5], [@B6]), most of the patients are receiving active treatment with surgery. In comparison, the treatment of osteoporotic vertebral fracture tends to be neglected relatively compared to hip fracture because osteoporotic fracture is very common in osteoporosis patients with many cases being asymptomatic and the short-term mortality rate is not high compared to that in hip fracture. However, it is known that vertebral fracture also increases a mortality rate ([@B7]) and increases a mortality rate as the number of fractures increases, and the mortality rate is higher in men ([@B8], [@B9]). For this reason, it is very important to prevent osteoporosis by active treatment through early diagnosis. Along with this, it is known that physical, psychological and social consequences from the result of osteoporotic fracture have a very important influence on the health-related quality of life (HRQOL). It is known that a decrease in BMD itself or asymptomatic fracture as well as symptomatic fracture also partly impacts on HRQOL.

BMD is the most general indicator to diagnose osteoporosis and determine for its treatment and the most important factor to predict osteoporotic fracture ([@B10]). It certainly has weakness that there may be measurement error due to two-dimensional imaging and it cannot reflect bone quality. Yet, it is the most widely used in a clinical setting because the criteria of osteoporosis and osteopenia defined by the WHO are based on BMD. BMD is also known to vary with age and sex and especially across different races. It is very important to understand BMD and the related clinical characteristics to utilize as the basic data for predicting overall public health burden related to osteoporosis. However, there has been no study reported regarding BMD and the related clinical aspects in Korean postmenopausal women.

Therefore, the purpose of this study is to evaluate BMD in Korean postmenopausal women based on Korean population with the national representative sample and to analyze the prevalence of osteoporosis and osteopenia, correlation between BMD and the condition of osteoporosis with the presence of symptoms and correlation between the EQ-5D and HRQOL.

MATERIALS AND METHODS
=====================

Study design
------------

This study was a nationwide, observational and cross-sectional study in Korean postmenopausal women who visited an orthopedic outpatient clinic of general hospitals and clinics from October 2010 through February 2011. The target sample size of 1,183 subjects was calculated by presuming 26% of the prevalence rate of osteoporotic vertebral compression fracture; the primary endpoint of this study, with 5% of precision and 95% of confidence interval, based on the report indicating that 18%-26% of postmenopausal white women had vertebral fracture according to the worldwide survey including Europe and the US ([@B11]). Considering a situation where it is impossible to conduct X-ray for diagnosis of vertebral fracture and collect the data, it was decided that a total of 1,479 subjects would be recruited in this study. In order to adjust the difference by region, regional distribution for women at 50 yr of age or older was confirmed by using the data in 2005 from the National Statistical Office of Korea, and the patients were to be recruited by allocating in an equal ratio by dividing into a total of four areas including the metropolitan, central, Youngnam and Honam regions.

Inclusion criteria
------------------

Among the orthopedic outpatients, women at 50 yr of age or older with diagnosis of menopause confirmed by a physician were included. The menopause was defined as the last menstruation occurring 12 months before the enrollment.

Exclusion criteria
------------------

Exclusion criteria included subjects whose menopause was not confirmed, women at 80 yr of age or older, subjects with high energy trauma (e.g., traffic accident and fall accident), subjects who experienced non-vertebral fracture within 6 months prior to the study enrollment (within the last 6 months). Subjects with poor cognitive ability to perform the study (to understand the contents of the survey questionnaire) at the discretion of the investigator, subjects whose normal reading was impossible were also excluded for two segments or more due to fracture or instrumentation between the first and the fourth lumbar vertebra or subjects whose BMD in the bilateral femur was non-evaluable due to femur fracture or instrumentation.

Demographic information and medical history
-------------------------------------------

Based on a medical examination by interview, subjects were evaluated for age, height, weight, years since menopause, family history of osteoporosis in the maternal line (mother, brothers and sisters), family history of osteoporotic fracture (low energy fracture and asymptomatic fracture) in the maternal line (mother, brothers and sisters), living environment (residential area, the presence of living in facility residence, the presence of living with family, etc.), a type of insurance (medical insurance and medical care), smoking status and the amount of drinking. Concurrent diseases such as hypertension, diabetes mellitus, hypercholesterolemia, osteoporosis, rheumatoid arthritis, hyperthyroidism, hyperparathyroidism, severe osteoarthritis of knee joint, foot disease, spinal disease with claudication, and Parkinson\'s disease were confirmed, and untreated cataract was recorded.

In addition, history of trauma and fall-down within the last one year and the presence of back pain within the last one year were confirmed with the originated area, cause and treatment method in case of a fracture history.

Bone mineral density
--------------------

BMD was measured in the lumbar spine, femur neck and total hip using dual energy x-ray absorptiometry (DXA). If the data measured within the last 3 months was available, it could be substituted for the data. The measurement for each area was performed based on the instruction by the manufacturer of a bone mineral densitometer.

Distributions of T-scores in lumbar spine, femur neck and total hip were evaluated when the T-scores were divided into normal group, osteopenia group, and osteoporosis group (T≥-1.0, -2.5\<T\<-1.0, and T≤-2.5). Also BMD, evaluated by age, and the correlation between BMI and BMD, was analyzed.

Plane radiography
-----------------

In order to identify the presence of vertebral fracture, standing anteroposterior and standing lateral radiographies were performed in the thoracic and lumbar spine. Vertebral fracture was assessed based on the degree of deformity by the semi-quantitative approach for each vertebra (L-spine 1-5, T-spine 1-12) ([@B12]) confirmed by an orthopedic specialist, and the presence of the symptom was confirmed. Fractured vertebrae were graded as normal (grade 0), mildly deformed (grade 1, 20%-25% height reduction), moderately deformed (grade 2, 25%-40% height reduction), and severely deformed (grade 3, over 40% height reduction) by Genant semiquantitative approach ([@B12]).

The percentages of vertebral compression fracture were compared in the normal, osteopenia and osteoporosis group, (T≥-1.0, -2.5\<T\<-1.0, and T≤-2.5). The mean BMDs in the L-spine, femur neck and total hip were compared between subjects with and without osteoporotic vertebral fracture. BMD was also compared among vertebral fracture patients with pain, asymptomatic patients with vertebral fracture and those without vertebral fracture.

BMD by hip fracture and wrist fracture
--------------------------------------

The correlation between the presence of hip and wrist fracture and BMD of each site was analyzed.

Correlation between BMD and EQ-5D
---------------------------------

The functional assessment was completed by using the EQ-5D. EQ-5D is a standardized instrument for use as a measure of health outcome. EQ-5D is applicable to a wide range of health conditions and treatments and provides a simple descriptive profile and single index value for health status. The result responded to each question of the EQ-5D was presented by calculating the utility index of each patient using the model indicated in the reference of \"South Korean Time Trade-Off Values for EQ-5D Health States: Modeling with Observed Values for 101 Health States\" by Lee et al. ([@B13]) The correlation between each item of the EQ-5D and BMD was analyzed, and the scale (0 means the worst health and 100 means the best health patient can imagine) to indicate the status of patient\'s health was measured by the visual analogue scale (VAS), followed by the analysis of correlation with the EQ-5D.

Statistical analysis
--------------------

In the descriptive analysis of baseline characteristics, the numerical data are expressed as mean±standard deviations. Statistical analysis was performed using one-way analysis of variance, *t*-test, Cochran-Armitage trend test and chi-square test, if applicable. A probability value of less than 0.05 was accepted as the level of statistical significance.

Ethics statement
----------------

The study was conducted in accordance with the Declaration of Helsinki and approved by the institutional review boards (06-2010-131) of Seoul Metropolitan Government-Seoul National University Boramae Medical Center. All patients provided written informed consent.

RESULTS
=======

Demographic information
-----------------------

In this study, a total of 1,281 subjects participated from 62 institutions. Among them, 1,255 subjects were evaluated excluding 25 subjects who did not meet the inclusion and exclusion criteria and one subject whose fracture was not assessed. The mean age was 63.2 (±7.7) yr, with the distribution of 36.4%, 39.5%, and 24.1% in the 50s, 60s and 70s, respectively. The mean height was 155.3 (±5.3) cm and the mean weight 57.4 (±8.3) kg with the mean BMI at 23.8 (±3.2) kg/m^2^. The mean age at the time of menopause was 48.8 (±5.2) yr, and the mean duration of postmenopause was 14.5 (±9.0) yr.

Bone mineral density
--------------------

The dual energy x-ray absorptiometry used in this study were Lunar (GE Healthcare, USA, 666 patients), Discovery (Hologic Inc., USA, 246 patients), Dexxum (Osteosys, Korea, 293 patients), and Norland (CooperSurgical, USA, 50 patients).

The mean BMD with mean T-score was 0.86 g/cm^2^ with -1.91, 0.71 g/cm^2^ with -1.62 and 0.77 g/cm^2^ with -1.29 in lumbar spine, femur neck and total hip, respectively. As a result of assessing T-scores by dividing them into the normal, osteopenia and osteoporosis group (T≥-1.0, -2.5\<T\<-1.0, and T≤-2.5), the distribution of 25.9%, 37.0%, and 37.2% was seen in lumbar spine, respectively, the distribution of 31.4%, 45.3%, and 23.3% in femur neck, respectively, and the distribution of 40.7%, 42.5%, and 16.9% in total hip, respectively.

Regarding BMD with age, BMD and T-scores in lumbar spine, femur neck and total hip tended to decrease with increasing age ([Fig. 1](#F1){ref-type="fig"}) ([Table 1](#T1){ref-type="table"}).

BMI indicated a positive correlation with the L-spine BMD (*r*=0.303, *P*\<0.001) and week correlations with the femur neck (*r*=0.172, *P*\<0.001) and total hip BMD (*r*=0.229, *P*\<0.001).

Correlation between BMD and vertebral fracture
----------------------------------------------

As a result of evaluating vertebral compression fracture by dividing the T-scores into the normal group, osteopenia group and osteoporosis group (T≥-1.0, -2.5\<T\<-1.0, and T≤-2.5), the incidence of vertebral compression fracture tended to decrease with increasing T-score ([Fig. 2](#F2){ref-type="fig"}). In addition, it was statistically significant that the mean BMD values in the L-spine, femur neck and total hip were lower in subjects with osteoporotic vertebral fracture than those without fracture, (*P*\<0.001 for all three), regardless of the presence of back pain ([Fig. 3](#F3){ref-type="fig"}). The mean T-scores in the L-spine, femur neck and total hip were lower in subjects with osteoporotic vertebral fracture than those without fracture, (*P*\<0.001 for all three), regardless of the presence of pain ([Fig. 3](#F3){ref-type="fig"}).

The L-spine and total hip BMD values were significantly lower in vertebral fracture patients with pain than in asymptomatic fracture patients (*P*\<0.01 for all), and BMD values in the L-spine, femur and total hip were significantly lower in asymptomatic fracture patients than those without vertebral fracture (*P*\<0.01 for all) ([Fig. 4](#F4){ref-type="fig"}).

As a result of analyzing the correlation between the degree of deformity from vertebral fracture and BMD, the L-spine, femur neck and total hip BMD in the normal group was significantly higher than those in the Genant SQ Grade 1 and the Genant SQ Grade 2 and 3 group (*P*\<0.01). And, the femur neck and total hip BMD in the Genant SQ Grade I group was significantly higher than those in the Genant SQ Grade 2 and 3 (*P*\<0.01); however, there was no significant difference in the L-spine BMD between the Genant SQ Grade 1 group and the Genant SQ Grade 2 and 3 group ([Fig. 5](#F5){ref-type="fig"}).

BMD by hip fracture and wrist fracture
--------------------------------------

The L-spine BMD in the groups with hip fracture and wrist fracture was lower than that in the group without fracture, showing no statistically significant difference, but the femur neck and total hip BMD was significantly lower in the patients with hip fracture and wrist fracture than in those without fracture (*P*=0.037 and *P*\<0.001 for hip fracture and *P*=0.009 and *P*\<0.001 for wrist fracture, respectively) ([Table 2](#T2){ref-type="table"}).

Correlation between BMD and the EQ-5D
-------------------------------------

BMD values for each question of the EQ-5D are indicated in [Table 3](#T3){ref-type="table"}. Visual analogue scale (VAS) values for all items were significantly higher in the Level 1 group compared to those in the Level 2 and 3 groups, showing a strong positive correlation between VAS and the EQ-5D ([Fig. 6](#F6){ref-type="fig"}).

In terms of mobility, the femur neck and total hip BMD values were significantly higher in the Level 1 group than in the other groups (*P*=0.037 and 0.011, respectively). For the items of usual activities and pain/discomfort, the total hip BMD was significantly higher in the Level 1 group than in the other groups (*P*=0.028 and 0.018, respectively). For the item of anxiety/depression, the femur neck BMD was significantly higher in the Level 1 than in the other groups (*P*=0.020) ([Table 3](#T3){ref-type="table"}).

BMD levels in the L-spine, femur and hip did not have correlations with VAS.

DISCUSSION
==========

This study is the first nationwide, observational and cross-sectional study conducted in Korea in order to evaluate BMD and the related clinical aspects in postmenopausal women. The study has the strength of reducing a bias from the region by recruiting patients divided into the four areas in the equal ratio based on the regional distribution of women at 50 yr of age or older and identifying nationwide characteristics of Korean menopausal women by recruiting 1,281 patients from 62 centers for the same period consecutively. However, it has a weakness of not reflecting all characteristics of general population properly because this study targeted patients who visited an orthopedic clinic. Another weakness of our study is that we used four different DXA in measurement of bone mineral density, which has different references to produce different T-scores between the models.

In this study, the values of BMD in the 50s, 60s, and 70s significantly diminished with increasing age, and the result was similar to the other study where the BMD significantly diminished with increasing age in postmenopausal women ([@B1]).

It is known that body fat and lean mass are correlated with BMD and postmenopausal, and some studies have indicated that obesity has a protective effect on bone loss to a certain extent ([@B14], [@B15]), but there are reports that obesity, especially fat mass, interrupts bone health ([@B16], [@B17]). Therefore, there may be different opinions regarding the correlation between BMI and BMD, but there are many reports where body weight has a protective effect on BMD and the percentage of body fat is negatively related to BMD ([@B18]). In our study, although it is a weakness not to differentiate for fat mass separately, BMI has shown a positive correlation with the L-spine BMD and very week correlations with the femur neck and total femur BMD, which is similar to the results in other studies.

It is known that osteoporotic vertebral fracture not only induces a severe symptom but also appear asymptomatic in many cases. In this study, BMD in subjects with symptomatic vertebral fracture was significantly lower than that in asymptomatic patients, and BMD in subjects with asymptomatic vertebral fracture was significantly lower than in those without fracture. Consequently, it seems that the incidences of both vertebral compression fracture and symptomatic vertebral compression fracture increase with decreasing BMD.

BMD usually has a correlation with vertebral compression fracture, and it is possible to form a hypothesis where higher BMD may have lower asymptomatic fracture followed by lower symptomatic fracture, inferring from the result of this study. It is associated with what BMD has a significant correlation with mortality ([@B19]) as well as fracture, and it can be interpreted that BMD reduction not only induces asymptomatic and symptomatic vertebral fractures but also increases mortality since asymptomatic vertebral fracture also increases mortality.

In addition, our result shows that a decreasing BMD causes an increasing degree of collapse in vertebral compression fracture; it is thought that the lower the BMD value is, the easier the deformity occurs by compressive force because the compressive force becomes to affect persistently on thoracic or thoracolumbar vertebra due to kyphosis of the thoracic spine and trunk weight although the same external pressure affects with vertebral fracture.

In this study, BMD in the groups with hip fracture and wrist fracture was lower than in the group without fracture, and especially the difference was significant in the femur neck and total hip BMD but not in the lumbar BMD. This result can be interpreted in two ways. One is that the lumbar BMD is less accurate than the hip BMD because the lumbar BMD might be measured higher than the actual BMD due to degenerative change or vascular calcification ([@B20]), and it is known that the total hip BMD is generally the best predictor of clinical fracture ([@B21]). The other is that it can be interpreted the femur neck or total hip BMD acts as a fracture risk more directly than the lumbar spine BMD in hip fracture.

One of the risk factors for development of osteoporosis is reduced physical activity ([@B22]). It is known that physical performances such as gait speed, step length and grip strength are better with increasing BMD ([@B23]). Physical performance has a positive correlation with general health and pain, leading to the correlation with quality of life. As an index of assessing quality of life, the EQ-5D is a useful tool. In this study, the EQ-5D scores significantly dropped in the dimensions of usual activities, mobility, pain/discomfort and anxiety/depression with decreasing BMD, and the differences were significant in the femur neck and total BMD, suggesting the close relationship between BMD and quality of life. It is known that quality of life ([@B24]) and mortality ([@B25], [@B26]) can be improved by increasing BMD with the treatment for osteoporosis. In addition, lower BMD is closely associated with the decreased sleep duration related to severe endocrine and metabolic dysfunction ([@B27]). In old women, lower BMD also shows positive correlations with the higher Beck Depression Inventory Score and higher levels of depressive symptoms with higher prevalence of depression ([@B28]). In women, it is known that the femur neck and total hip BMDs show positive correlations with the respiratory function represented by the FEV~1~ ([@B29]). In older women, lower BMD is correlated with depression of left ventricular function ([@B30]) and coronary heart disease ([@B31], [@B32]).

Moreover, BMD is associated with an increased mortality risk ([@B19], [@B33]). A Japanese study where the result is expected to be similar to that in Korean population has also reported that low BMD is significantly associated with an increased risk of mortality even with excluding the previous lifestyle-related diseases such as stroke, hypertension, heart disease and smoking ([@B1]).

Despite several limitations in this study, the nationwide cross-sectional study indicated that the prevalence of osteoporosis increased with increasing age in Korean postmenopausal women and BMD had a significant correlation with osteoporotic fracture. In addition, the BMD level was significantly low in subjects with the history of asymptomatic vertebral fracture as well as in those with symptomatic vertebral fracture, and the femur neck and total hip BMD values were significantly lower with the higher degree of vertebral fracture collapse and the history of hip fracture and wrist fracture. The femur neck and total hip BMDs were correlated with quality of life measured by the EQ-5D. Based on the result of this study, BMD and its clinical consequences were confirmed in Korean postmenopausal women, and it is expected that the result will help us establish the treatment strategy in the future.

In Korean postmenopausal women, the prevalence of osteoporosis and vertebral, hip and wrist fracture increase and quality of life decreases with lower BMD. Therefore, it is determined that active treatment is necessary for improving the clinical outcome of osteoporosis patients.
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![T-scores by age group: Box plot. (**A**) T-score of L-spine. (**B**) T-score of femur neck. (**C**) T-score of total hip. With increasing age, the L-spine, femur neck and total hip BMD values significantly decrease.](jkms-29-1152-g001){#F1}

![The incidence of osteoporotic vertebral compression fracture by T-score. With decreasing T-score, the prevalence of vertebral compression fracture increase.](jkms-29-1152-g002){#F2}

![Bone mineral density and fracture. (**A**) The mean BMD values in the L-spine, femur neck and total hip was significantly lower in subjects with osteoporotic vertebral fracture than those without fracture (*P* \< 0.001 for all three). (**B**) T-scores in the L-spine, femur neck and total hip was also significantly lower in subjects with osteoporotic vertebral fracture than those without fracture (*P* \< 0.001 for all three).](jkms-29-1152-g003){#F3}

![Bone mineral density and osteoporotic vertebral compression fracture with or without pain. The L-spine and total hip BMD values was significantly lower in vertebral fracture patients with pain than in asymptomatic fracture patients (*P* \< 0.01 for all), and BMD values in the L-spine, femur neck and total hip was significantly lower in asymptomatic fracture patients than those without vertebral fracture (*P* \< 0.01 for all) by analysis of variance.](jkms-29-1152-g004){#F4}

![Bone mineral density by vertebral deformity grade. The L-spine, femur neck and total hip BMD are significantly higher in the normal group than that in the Genant SQ Grade 1 and the Genant SQ Grade 2 and 3 group (*P* \< 0.01). The femur neck and total hip BMD are significantly higher in Genant SQ Grade 1 than the Genant SQ Grade 2 and 3 (*P* \< 0.01) by analysis of variance (ANOVA).](jkms-29-1152-g005){#F5}

![Correlation between the EQ-5D index and VAS. The EQ-5D index shows a weak correlation coefficient of *r* = 0.445 with VAS (*P* \< 0.001).](jkms-29-1152-g006){#F6}
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^\*^*P* value by analysis of variance (ANOVA). BMD, Bone mineral density; SD, Standard deviation.
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Bone mineral density by hip fracture and wrist fracture
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^\*^*P* value by *t*-test. BMD, Bone mineral density.
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BMD and VAS by the EQ-5D
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^\*^*P* value by *t*-test. BMD, Bone mineral density.
